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BESEARCH MaiOSAKDUM 

niAO CHAKACTSBI31!IC3 01' HECTAEOULAR AMD SWEPT-MCK 

HACA 65-009 A3HF0ILS HAVIHG VARIOUS ASB5CT 

RATIOS AS KüTSRl-niED 3Y FLICKT TESTS 

AT SUESiCOTilC SKEDS 

By Warren A« Tucker and Robert L. Nelson 

StMMBY 

; ^ 

TcetB have teen mia at the Pilotlens Aircraft He search Test 
Station at Wallops Island, Va., tc determine the offset of sveep- 
baek angle and aspect ratio on the drag at supersonic speeds of 
vines of MACA 65-009 airfcll esetIon. A previous rapcr has 
presented the results obtained, fcr vines having aspect reties of 1.5 
and 2." sad Bweptack angles of 0°, 3'*°, ^5°, and 52°. The present 
paper extends these results to Include anpent ratios of 3-9 end 5»0- 

For the ran^e of Mach numbers investigated (M = 1.0 to 1.3) > 
It VBLB found tint the drag coefficient decreesed as the sveepback 
angle increased, the rate of decrease being somewhat creator fcr 
the larger aopect, ratios. 

In general, for Mach numbers greater than a value Bome«kat less 
than that at tihlch the Mach lino lies along tho leading edge, the 
drag coefficient decreased with a decrease in aspect ratio. This 
effoct of aepoct ratio nas »ore In evidence at the looser analea of 
swap; at a 3-ceepback angle of U50 the chan.36 in drag coefficient 
«&8 very small between aspect ratios of 1.5 and 5-0. 

The results are conpured vith theoretical calculations, and 
•with other cxyeriiEontal data. 

E1THCDUCTI0N 

To obtain lnfonratlon on the drag of wings at supersonic speeds 
a series of tests is being conducted at the Pilotlees Aircraft 
Beoearch Test Station at Wallops Island, Va., of a series of identical 
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oonverted to corresponding values of total drag coefficient based 
on the exposed wing plan-form area, which was 200 square inches 
for all oodcls> The aspect ratios were based on the total span and 
area, which included the shaded portion shown blanketed by the body- 
in figure 1. The values of temperature and static pressure used in 
calculating the drag coefficients and Mach nuubei-c were obtained 
fron radiosonde observations made at the time cf firing- The tests 
covered a Mach number range from about 1.00 to about 1-35- 

RESULTS JWD DISCUSSION 

The'results of the investigation, together with comparable 
results of reference 1, ere given in figure 6 as curves of total 
drag coefficient and wing drag coefficient against Marh number. 
The curves of wing drag coefficient were derived by taking the 
difference between the total drag coefficient curvea of the winged 
configurations and that of the sharp-nosed wingless body of reference 3 
(this body, which is shown in fig. 5, is identical to the bodies used 
in the present Investigation). The wing drag coefficients thus 
include any possible effects of interference betueen wing and fuselage. 

The greatest inaccuracies in the present data occur below 
Mach numbers of about 1.0. First, the slope of the velocity-time 
curve is sufficiently smaller in this region to incur a larger 
percentage error in computing accelerations. Second, the rate of 
change of drag with Much number in the range below M = 1.0 is such 
that a small error in Mach number in this region can cause a con- 
siderable error in the curve. A study of the available di-pg data for 
which radar records were obtained for two identical models at M < 1 
indicates that not a great deal of reliance should be placed on the 
drag data of the yreaent paper at Mach numbers belcw 1.0. It is common 
to have differences in drag coefficient of *10 percent in this region. 
In the higher Mach number range, tho accuracy is within *3 percent. 
There is premise of obtaining more accurate low Mach number data from 
future tests through refinements In Instrumentation. 

The accuracy in velocity measurement has been estimated to be 
well within tl percent, the largect error in this measurement being 
that which arises from the very small curvature of the flight path. 
The temperature and pressure measurements obtained by tho use of 
radiosonde observations hold the accuracy of Mach number to tl percent. 

The data of tho present paper to a certain extent agree with 
the calculations of reference ':. For example, it is pointed out in 
reference k that for Mach numbers approaching that at which the 
Mach line lies along the leading edge, a wing of low aspect ratio 
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should have a lover wave drag than one of high aspect ratio, and 
that for a Mach number considerably below this value the effect 
of aspect ratio should reverse- This means that for a sveepback 
angle of 3^° and a Mach number of about 1.2, the drag coefficient 
vould bo expected to decrease with decreasing aspect ratio, and that 
for seme Mach number appreciably less than 1.2 the effect of -aspect 
ratio on drag coefficient should reverse. The data of figure 8 
for 3U° sweopback tend to follow this theoretically calculated 
behavior, a partial reversal occurring at a Mach number of about 1.05 
(the data are not entirely consistent vith regard to reversal). The 
curves for the wings of U5° sweep'jack lie too close to one another 
to permit making any definite statements. 

The data of figure 8 (cross-plotted In fig. 9» which also presents 
data from ether sources to be discussed later) show that the decrease 
In drag coefficient with increasing sveepback noted in reference 1 
for aspect rr.tics of 1.5 and 2.7 also holds for an aspect ratio of 3.8. 
The decrease In drae coefficient for a ^ivon increase in sweopback 
angle Beems to be scuevhat greater for the higher aspect ratios. 
The data also indicate, as did those of reference 1, that the effect 
of decreasing the aspect ratio at constant sveopback is generally to 
decrease the dreg coefficient, and that the magnitude of this effect 
at a given Mach number diminishes with increasing sueepback angle 
(at a sveepback angle of U5°» only nacLlpible changes in drag coef- 
ficient result -when the aspect ratio is charged from 5«0 to 1.5)» 

In figure 9, a comparison is made of the experimental results 
presented herein, and the theoretical calculations of the wave drag 
for an isolated 9-percent thick biconvex parabolic-arc airfoil based 
on the results of reference h for 3U° and U5° sweopback. Also 
included are heretofore unpublished theoretical results by the senior 
author of reference h for a wiiit, of 0° sweep, based on the linearised 
theory used in reference k.   She comparison between the theoretical 
end experimental drag coefficients of the unsvept wines is not 
particularly valid since the theoretical roouireuent that the tow 
wave be attached to the airfoil is not fulfilled by the KACA 65-009 air- 
foil. However, the comparison is made for completeness. A comparison 
Is also nado with seme results cbteined by the freely-falling-body 
technique (reference ?). The agreement between theoretical and 
experimental values is fairly cood considering that the theory did 
not take Into account boundary-layer effects and Interference effects. 
In addition, the theoretical results ere for a sherp-nosed parabolic- 
arc profile. The lack of close agreement between the results of this 
paper and the results of reference 5 Is probably due In psrt to the 
difference In interference aeaeured by the two methods of testing. 
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Tilsit tests to determine the effect of aspect ratio an& sweep* 
back on the drag of wings of HACA 65-009 airfoil section were made 
et the Pilotless Aircraft Besearch Test Station at Wallops Island., Va. 
Vor the range of Mach numbers, aapect ratios, and Bveepback angles 
Investigated, the following statements can be made: 

The drag coefficient decreased as the ancle of sweepback Increased. 
The rate of decrease vaa slightly greater for the higher aspect ratios. 
In general, for Mach numbers greater than the value at which tho Mach 
line lies a little ahead of the leading edge, the drag coefficient 
decreased with a decrease in aspect ratio. This offeet of aspect ratio 
diminished as the sveepback angle was increased, until at an angle 
of U50 there were only negligible changes in drag coefficient for 
aspect ratios between 1.5 and 5*0« 

These results substantiate the finding of a previous similar 
investigation, and extend the findings to higher aspect ratios. 

Longley Memorial Aeronautical Laboratory 
national Advisory Committee for Aeronautics 

Langley Field, Va. 
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NACA RM No. L7C05 CONFIDENTIAL Fig. 2 

A 
Figure 2.-   The test body with unswept wing of aspect ratio 3. 
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Figure 3.-   The test body with 34° sweptback wing of aspect ratio 3.8. 
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Fig. 4 

Figure 4.-   The test body with 45° sweptback wing of aspect ratio 5.0. 
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F*ure5.-   The wingless test ^ of 

CONFIDENTIAL 

reference 1. 

Wg. b 



NACA RM No. L7C05 Fig. 6 

1600 
CONFIDENTIAL 

600 

.4 £        /.a        16       £.0       £.4       Z£      32      3.6 

7/me ; / , jec 

figure 6 . - Typ/ca/ ve/oaty-t/me curve. 

• !•$&:> *-**,. -ij^".«v *•• 

*W .'"j^SfjT/.-•**«*•"* *;"tf"'a»  "*t"'^ 

I 
*«;:- I 

'    •»* •    «rfc-r^ts^-^ls; 



Flg. 7 
NACA RM No. L7C05 

% 

1 

&:r 

97   rO ' 6*>sp/Osq/ 

*^'-.i 

•*V»: 

Sppi: .••• 
Ji^^iw ••••'.••• 

-. • •::'."iW*JB".': ' 



NACA RM No. L7C05 Pig. 8 

-• 

* 

? 
Ä 

1 

b 

I 

.a? 

.0(5 

.02 

c DNFI «NT IAL A A 

-—s^f    o 
—AS) 

^   3.8) 
- 2.7\   34 
- AS) 

A 
\   •- <c 

/ 
.•#- 

— 
/, 

/ 
x**^ 

"— *= IL '/ — 5.0 
•    45 1 

1'/ W - ^.^ — 2.7 
J 1 f /,_ __ 
/.D j 

f — 
>L_ Wi/ig/ess 

.8 .9 A.O /./        /.2       A3 
Adacfi namber, M 

AaJ Tita/ drag coefficient. 

A4 AS 16 

.9 
CONFIDENTIAL 

// A.2 A3 
Mach //umber, A4 

AbJ W//?g drop ccefficten/. 

/.4       AO 
UTKMU. uvnoav 

figure 8. -fiffecr cf sutet.-pbacA  az/gfe a/?d aspect ratio 
or total drag coefficient a/>rf wing drag coefficient. 

. 



NACA RM *0' 
L7C05 

Fig-9 

1; 

8u*ä2 

p.,t- 

V^yA^^ 

St 

$1 

•.:***• rf.V:.''"'•"•• "••• -M~• '.' •'   ' '..•••-..:>• ••';  .   :•    ^.-.^.-V .    .".'••.••.: *,•$* .-. ••' 

.iJSfcsK* • 

V:'** 

v--*; .•"/-••..T ••^M- 
•    •'  '•'#•:•<£&, /••Ik"--- — ••••••  •. :,i -j»v <r>'»*ay.v"»Mfriii'. *t • "•'" 



*-   ••-.»» .• .»,...* , 



Tan» rantss (ts m 47) 
Tucker, Warren A. 
Nelson, Robert L. 

AUTHORS) 

C-2-6-50 
DIVISION: Aerodynamics (2) 
SECTION: Wings and Airfoils (6) <v 
CROSS REFERENCES.  Airfoils - Drag (08200); Wings, Swept- 
back - Aerodynamics (??150);  NACA 65-00"' '"""i 
(99150) 

ATI- 485S- 
ORIG. AGENCY 

Hm-L7C05 

REVISION 

SOB   Drag characteristics of rectangular and s>iept-back NACA 65-009 airfoils having 
various aspect ratios as determined by flight tests at supersonic speeds 

FORG'N. TITLE: ___ -^ 

ORIGINATING AGENCY:    National Advisory Committee for Aeronautics, Washington, D- c. 

TRANSLATION: 
FEATURES 

photos, diagrs, graphs 
COUNTRY 

U.S. 
LANGUAGE I 

Eng. 

:ORG'NCUSS    U. SJCLASS. DATE 

Apr'47 
PAGES 

15 
IUUS. 

10 

ABSTRACT 
Tests on rocket-propelled bodies carrying wings of aspect ratios between 3.8 and 5.0 

at various swept-back angles show that drag coefficient decreased as swept-back angle 
increased and that this decrease becomes more pronounced with larger aspect ratios.    For 
Mach numbers greater than value at which Mach line lies ahead of leading edge,  drag coef- 
ficient decreased with decrease in aspect ratio.    Aspect ratio effect diminished with 
increased swept-back angle.    At 45 degrees only negligible drag coefficient changes 
resulted between aspect ratios of 1.5 and 5.0.    Data substantiate theoretical calculations. 

NOTE:    Requests for copies of this report must be addressed to:  N.A.C.A., Washington,D.C. 

T-2. HQ, AIR MATERIEL COMMAND INDEX WRIGHT FIELD. OHIO, USAAF 



firVSO/IS 



Tucker, Warren A. 
Nelson, Robert L. 

eeciscrKjat!.      0-2-6-50 
DIVISION! Aerodynamice (2) 
SECTION: Wings and Airfoils (6) 
CROSS REFERENCED   Airfoils -Drag (08200); Wings, Snept-! 
back - Aerodynamice (99150); NACA 65-009 (08200) 
(99150) 

A858 
IIG. AGECCY NUMBER 

Rm-L7C05 

REVISION 
AUTKOR(S) JUVyiW)  fi 

AMEQ. TITlEi   Drag characteristics of rectangular and swept-beck NACA 65-009 airfoils having 

FORON. TITLE. 

CKt&tNATOtt» AGENCY: 
TRANSLATION. 

various aspect ratios as determined by flight tests at supersonic speeds 

National Advisory Committee for Aeronautics, Washington, D. C. 

COUNTRY 
U.S. 

% [?OSG'NjCLASS|   U. SJCLASS. 
_J I Gon&'l 

IUUS. I '•   FEATüJJES 

10 I photos,  diagre, graphs 
LANGUAGE 

Eng 
DATE      CAGES 

Apr'A7     15 

ßßSTOACT 
Tests on rocket-propelled bodies carrying ninge of aspect-ratios between 3-8 and 5.0 

at various snept-back angles show thet drag coefficient decreased as swept-back angle 
increased and that this decrease becomes more pronounced with larger aepect ratios.    For 
Kach numbers greater than value at which Kach line lies ahead of leading edge,  dreg coef- 
ficient decreased with decrease in aspect retio.    Aspect ratio effect diminished with 
increased ewept-back angle.    At U5 degrees only negligible drag coefficient changee 
resulted betneen aspect ratios of 1.5 and 5.0.    Data substantiate theoretical calculations. 

NOTE:    Requests for copies of this report must be addressed to: N.A.C.A., Waehington,D.C. 

T-2. KG. A« MATERIEL COMMAND ira VECHNICAL DNDEX WHIGHT FIELD, OHIO, USAAF 


